N-terminal truncations of manganese stabilizing protein identify two amino acid sequences required for binding of the eukaryotic protein to photosystem II and reveal the absence of one binding-related sequence in cyanobacteria.
Manganese stabilizing protein (MSP) is an intrinsically disordered extrinsic subunit of photosystem II that regulates the stability and kinetic performance of the tetranuclear manganese cluster that oxidizes water to oxygen. An earlier study showed that deletion of the (1)E-(3)G domain of MSP caused no loss of activity reconstitution, whereas deletion of the (4)K-(10)E domain reduced binding of the protein from 2 to 1 mol of MSP/mol of photosystem II and lowered activity reconstitution to about 50% of the control value [Popelkova et al. (2002) Biochemistry 41, 2702-2711]. In this work we present evidence that deletion of 13 or 14 amino acid residues from the MSP N-terminus (mutants DeltaS13M and DeltaK14M) does not interfere either with functional binding of one copy of MSP to photosystem II or with reconstitution of oxygen evolution activity to 50% of the control level. Both of these mutants exhibit nonspecific binding to photosystem II at higher protein concentrations. Truncation of the MSP sequence by 18 amino acids (mutant DeltaE18M), however, causes a loss of protein binding and activity reconstitution. This result demonstrates that the N-terminal domain (15)T-(18)E is required for binding of at least one copy of MSP to photosystem II. Analyses of CD spectra reveal changes in the structure of DeltaE18M (loss of beta-sheet, gain of unordered structure). Use of the information gained from these experiments in analyses of N-terminal sequences of MSP from a number of species indicates that higher plants and algae possess two recognition domains that are required for MSP binding to PSII, whereas cyanobacteria lack the first N-terminal domain found in eukaryotes. This may explain the absence of a second copy of MSP in the crystal structure of PSII from Synechococcus elongatus [Zouni et al. (2001) Nature 409, 739-743].